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. ABSTRACT
Tbo‘nucleotidé and amino acid sequence of the carboxy-terminal portion of a lodéepole
 pine 'actin gene,>PAcl-A, were détermined. Comperrison of PAcl-A to f-actin genes
from Usoybeah, maize, chick‘erl. and ycas{ has shown ghgt althoug‘h “the actin gene is
| highly conserved among all these sp;cicé. conslstem differences’ .can be detected to
differentiate _the atglns. _.The. olam actins' shared the lowest amount of -divergepoe (or
- "highest h‘omology} yalues,)‘ :%_i/hen r:ompared among'themselves, and the highest amount of
.divergerlce when compared .to yeast. It is likelyl_rhat conservation of actin ‘orl a broad
scale reflecrs the imponqrraﬁ of aénn as a 'hotlbekeeping' gene for carrying ou_t basic
cellular ‘functions On a much smaller scale, differonces oxisting among rhe various
specxes actins may have res te _from subtle cellulas differences among orgamsms
Thus actlns may be classxfled according Mbelr different roles.

Although it seerrls hkely that’ actin belongs to a ‘multigene famrly, problems
presemed by the large genome size and contammanon of genomrc lodgepole pine DNA
. wlth plasmids used in the laboratory makes accurate determination”of the number of
gorles difficult. . Based on results from EcoRI- and HindlI{-digested pine genomic DNA o
hybndxzed first with “P label]ed PAcl A, and later washed and re- hybndrzed with
32p. labelled pBRSZZ the number of actm g\tnes was esumated to be from four to six.
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I. ' INTRODUCTION
Traditional trees improvement p_rograms generally'entail ,cbmplex breeding and orchard
desig‘ns coupled vrith ‘intensi‘ve ‘management. _These prbgramscanﬁ bel very ,costly im- time
and "money with no guarantee_that the hoped-for high genetic gains will" be reallze‘d.
"ll?he breeding ‘st'rategies typically empl‘o)"ed take long  periods of time based on the age 'of ’

“ reproductrve maturrty. the age when selectrons are made, and the number of generatrons
requrred to. achreve the breedtng obJecttves ‘These breedmg programs may also be
limited by reproductrve~ barrrers and mbreedmg problems during attempts to produce new
-gene comblnatrons or transfer spegfrc trarts from one specres to another (Faulkner
. 1-975) Attempts have been made to use techmques such as polyplordy and protoplast
fusron to overcome reproductrve rncompatabrlrttes wrth ‘lignited success' (Shepard e al.,
1983). Strategtes usmg inbreeding can result‘m lethality, inbreedmg depressron, |
narrowmg of the genetrc base, and the creation of monocul’tures susceptible to major

| diseases and/or rnsect eprdemrcs ‘ ‘

Genetrc mampulatron of plants usmg molecular and- cell culturmg methods

-

,potentrally could overcome. some of these ltmttatrons of traditional: zree 1mprovement
-

‘»problems in the followmg ways: l)msertton of small DNA fragments carrymg: one or a
few genes avords drsruptron of favourable gene combmatrons 2)msertron of these
fragments mamtarns and creates genetrc drversrty, and 3)recombinant DNA technology is
.not dependent on sexual reproductron Thus genetrc engmeertng offers the possrbrlrty
‘of ,a dramatrc solutron to some of the 1nheren't problems assocrated wrth forest tree '
g mprovement - ‘ L - \‘

However problems are also assocrated wrth plant’ molecular brology. because httle
v"rs known about the. rdentrty and number of genes that are responsrble for the expressron_
of trarts most economrcally 1mportant trarts m plants In addition, control of then
expresSron is unknown Therefore the 1solatron and charactenzatron of genes and .

‘understandmg the underlyrng control mechanrsms m hrgher plants are neeessary before

progress can be made employrng these genetrc technrques Other problems assocrated

'
1

. 1.‘
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‘wnh genetic engmeermg lve transfarming isolated DNA inlo' plant tissues‘ and eells
“and obLammg ef(pressmnggdesnable genes in forengn systems. Much prog'rcss has |
recently been made-usmg Agrobacterium tume faciens (e.g. .W;uson et al., 1975)
containing the T1 plasmlds (e.g. Bevan and Chiltgn. 1982; Barton and Brill, 1583;
Chxlton 1983) For instance, transformation of the nhaseolin gene, coding - for a major
storage protem ‘in bean, has been successfully transformed and expressed in tobacco

| )
plants (Netzer,__1984). Infection using Agrobacterium strains has been thought to be .

o e
. limited primarily to dicot crop plants. However, recent work by Ol'sen (1985) and
Stomp- et‘al ( 1985) have shown that some of the Agrobacterium tumefactens strams can

infect and transform loblolly pme (Pinus taeda L.) germinants (reported by Olsen, W,

-and VSLomp, A. at Molecular Genellcs Working Party Conference October 1985, Avon'
- Lake. Ohio).| ‘

A. Statement 0} .Problem . :
. This research was designed 1o isolaie and characterize tne actin gene(s) in / /
'lodgepole pine (Pinus contorta var. ldtifalia'En’gelm.). a -widely distrib;.:ed and /
| 'commercial tree species-in both Alberta and much of western Norih America. . Act/in/
was chosen because it is a hlghly conserved, ubxqunous protein (lelxamson 1980 Firtel,
1981 Shah et al 1982) that has been cloned and fully sequencéd in: many orgamsms
It has been suggested that most nucleotide alteratlons observed in actm that exlst within
and.-between speciesvprobably result in neutral mutations (e.g. Fyrberg et al., 1981).
.Hence it was expected that any organism's actin DNA could theoretically be used as a
probe to locate the lodgepole pine actm gene(s) using DNA DNA hybridization. The
gene(s) could then be funher*defmed by nucleotide sequence analysis. In addition, the
'mimber of genes per genome could be infened by use of h‘ybridization procedures.. In
this study, a'.eortion of a lodgepole' pine actin gene was located.and isolated using the
recombinant plasmid'pSAc3 (obta‘in‘ed from R.B. Meagher, University of -Georgia,

e, <



U.S.A.) as 4 probe. The SAc3 Hind/]] fragment contams an entire so>bean actin genc

wnh '5' and 3' flanking sequences and -has been fully sequenced, and analyzed (Shah e
A&

, 1982). Therefore, pSAc3 (obtamed from R. B Meagher) &vas a convenient plasmld

10 usc as a probe for Iodgepole pine actin- related DNA. -

Actin has been analyzed and characterized for species such as Drosophila

(Fyrberg et al., 1981), yeast (Gallwitz and Sures, 198(5). Dictyostelium (Kindle and_

v

Firtcl 1978), humans (Pome et al., 1984; Engel er'al 1981; Nakajima-lijima et al.
1985) rat (Zakut et al 1982) and Characean zl;ae (Kershey and Wessels 1976)

Analyses of evoluuonary relatlonshlps among nucleouge sequences, thelr encoded ammo

.,J .
! ! ‘»',:. K

. acids, and possible cong.rol mechamsms should be possible among all of ,th ' gamsms

and the lodgepole pine gene(s) to be ana]yzed in this study. Understandmg nderlvm
. o
control mechanisms of plam genes s essennal for gene expressxon 1n Lrans
‘ X “.w'» i
To date inferred TATA and Cap sequences have been located upstrea

j - -

codon of the actin gene in species “such as yeast (Gadlwntz and Sures,: 1980) soybean

rom the start

*(Shah_ el al., 1982) Oxytricha (Kame and Spear, 1982), and rat (Zakut el al 1982)

The TATA sequence is generally located approxxmately 25 nucleoudes before the startmg .
point of transcnpnon and may be involved in accurate positioning of the RNA s

polymerase II for initiation ol transcription, w’hereas the Cap sequenc’es are 1nvolved wiL@‘;’-
A, B
capping mRNA that can subsequently be necogmzed by nbosomes to initiate translanon

‘CCAAT sequences- that have been implicated in the control of transcnptxon h;Ve been

fo_und in actin genes of organisms such as Oxytricha fallax (Kame and Spear, 1982),
’ hnmans (Nakajima et al., 1985), and rat (NudeL et al., 1983). {In addition, AATAAA
polyadenylation sites have been located 'downstream' from the termination codon in
other organisms such as sea urchin (Shuler er al, 1983), human (Ponte et al., 1984),

~and cbicken (Bergsma et al., 1985).



B Actin Functions
'
THE ROLE OF ACTIN..
Two forms of the actin gene, coding for seven different isoelectric prolcins, have
*en found in mammals and birdst(Vandekerckhovc, J. and Wcber, K., 19785 and
1978b; ABergsma et al.; 1985). l; Four ‘of these proteins: are present as alpha-actin:s / \
(e-actins) and are found _in the muscle tissues; vascular smooth, entetic smooth, cardiac
striated, and skeletal“striated of mammalian orgaﬁisms. The muscle actins are easily
dif’ femiated as they. have, a different N-terminal sequence from that of cytoplasmic actins
(Fyrberg et al., 1981‘).‘7 |
The other three y'i’sbforms are cytoplasmic actins. “The beta and gamma actins
have been found in orgagisms such as Dictyostelium (Vandékerckhove and Weber, 1980),
yeast (Gallwitz and Seidel, 19:8'0;‘Gallwitz and Sures, >1:980; Ng ahd Abelson, 1980), sea
urc&ﬁn '(Shuler et al, 1983), soybean (Nagao et al., 198\1; Shah et a(.,.1983), maize
(Shah er al., 1983), rats (N'udel et 'al., 1983), and humans (Naka,jimé-lijim‘a el al.:

1985). ' ~ : | '
Mammalian actins' } ’ ’ ‘ /
Iﬁ mammalian organisms, a-actin is the prominent protein componcni of /ﬂie thin
muscle filaments, It is usually identified by its ability to react and bind to h9§§y |
mero'-myo‘sin (Pollard and Weihing, 1974; Weihing, 1976; Korn, 1976). 'The,/i/mpérlance
- of cytoplasmic actin and its currently accepted roles ‘in ‘animal céllé fall ih19 four main
.categbries; based 61'1 specific interactions.. The first of these interactions occurs between
" actin filaments, producing a 'coinplex network, the 'éytoskeleton" (Brown et al.,' 1976),
which is thought to maintain cell shape. It should be noted that not all cytoplasmic
actin is filam’g_ntqus (Tilney, 1976;, Tilney and Detmers, }975). Actin can be found' as a
monofnerv (G-actin) which can interact with itselvf‘ or ATP or it can be found in l'in;ar

aggregates referred to as F-actin (Weéngr, 1985). The second role is based on.(ihe



' \

ability of actin to bind to some membsane proteins. It is thought that these interactions
| ‘can "affect protein mobility along the pl'asma membrane, | For exafnple; actin ‘appears o
--reduce the mobility of spectrin (Fowler and Bennett, 1978; Goodman and Branton, 1978)
“and facilitates the mobility of .other membrane proteins, fesulting in localization of
certain proteins into. particular regions within the cell (Koch and Smith, 1978; Condeelis,
197:1). In fact, a 110 kilodalton cytoskeletal protein has beeh identified that connects
actin filaments to the plasma membrane in microvilli of intestinal epié)tlelial cells
(Glenney  and Glenney, 1984). A third possible role, organelle immobilizatjon (e.g.

Seifriz, 1942), may result in production of a loéalized rigid gel formed by cross-reactions =

‘o,f .actin filamenis with non-myosin proteins (eg., Hartwig and Sto'ssél. 1975)_. ﬁt’hver,

PR

this .proceés is only hypothetical as'i\f“is not understood'and_}nay not.eVeh_ occor in ii){o
(Williamson, 1980). The fourth role of actin-is deduced from effects of an actin

c

antibody and actin modulator protein on the Salam\ah‘dcr\ Pleurodeles waltlii. When these

~.

~ substances were microinjected into livling oocytes, transéripiiah‘ Qf\lampbrush
éhromosorhcs was blocked, suggesting a close relationship between the\ state of -nuclear
actin and uanscripﬁonal activity (Scheer et al.; 1984). 4 - Tl

Other studies of aﬁtin in organisms such as sea urchin (_.Garcia et al., 1984),
mouse (Waters et al., 1985), and Drosophila (Fyrberg et al., 1983) have analyzed actin
patterns related ~to"different tissues and cell types to various developmental stages. In.
general, different actins appear to have ﬁhique patterns of expression dependent on tiie
tissue type and developménu\ll ‘stage anﬂyzed. For example, Drosophila actins have three
'main patterns pff,“‘expression correlated with muscle differentiation and reorganization. It
is ‘tﬁought that actins :es\pOrxsli\ble for these patfems are un_der different regulatory

systems. Similar results were obtained from the sea urchin data. The three diffe_rem

patterns are lab\eled as gr;uscle specific, embryo specific, and constitutive.



Plant Actins = - 'k_.. |

Fewer data ere--availl{lrle‘for ‘the role of actin in plant éells. Systems similar 1o
those in -animals possibly exist m plants where actin is.inyolyed in many cellular
 activities such as cytoplasmic strearning, secretory ‘processes. chloroplasl movement,
- cytoskeletal maixrtenanc%,- cell ‘divislon. and possibly chromosome scgregation (Korn,
1978). Ac;in may also be involved in interconnecring the nucleus with the “t:ell.'
membrane and distributing membrane proteins (e.g. Korn, 1978). Kersey and Wessells
(°I976) studled cytoplasmlc sn-reammg in characean algae and proposed that subcortical
filaments contammg actin and myosm generale force to move organelles within the cell
- either directly or indirectly. The l'ilamem-organelle associations were visually observed
with eleetron microscopy where an averaée of 4-6 fibrils (or subcortical actin filament |
bundles) bridging lines of chloroplast subcortical fibrils were observed. These actln ’
fibrils also appear to play a structural role as they 'link chloroplasts togetlrer. Similar
associations between mitochondria and fibrils were observed, where the mitochondria may
provide the required energy for cyt’oplasmic‘streaming. F-actin, which is a linear
aggregate of the actin monomer, G-actin, has also been observed in coni?’er Toots.
(Pesacreta et al., 1982). Strong correlations have been made between the preserlce of ___
microfilament actin bundlesland cytoplasmic streaming (Pesacreta et al., 1982). Two
other possible functions of actm whereby cell processes may be controlled, have bcen
forwarded by Forer and Jackson (1975), and Gawadi (1971), who proposed ‘that actin irr
spirrdle’fibers affects chromosomal movement in mijtosis. This  was deduced by the
occurrence of actin observed in splndles of both plarrrt and animal mitotic cells;' The

fmal role actin may play in plam cells is relatéd to the membrane protem actin

interactions already observed in animal cells Membrane protein-actin interactions have

not yet been drrectly observed m higher plants and the role that actins rnay play in

secretory processes remains ambiguous.



QUANTITATIVE AND QUALITATIVE ASPECTS OF ACTIN .GENES"

\

\

“t

|

Number and -locations of actin genes
The number Pnd ofganizalion of aptin genes varies among different s'pecies'and
appear to be unrelated to the degree of complcxify amohg species (Firtel, 1987, To .
date, the yéasl'genome is ihe only organi‘.:m c;rrying a single cytoplasmic actin_ gene,
“whereas actins from all other species analyzed ‘belong to multigene families.
Caenorhabditis elegan's contains four actins, three of which are tightly clustered (Files el
al., 1983) human and rat genomes carry 20- 25 actins, and Dictyostelium c@tams 15-20
’ gene copies of one cytoplasmic actin isoform. Dxctyoslelmm actin genes occur in clusters
with at least two linked actin genes separated by low copy spacer DNA of variable
length (McKeown et al., 1978). In contrast, the actin gene‘family in Drosophila -
consists of six genes coding .fo{ all three cytoplasfiic protein isofpnns, which are widely
distributed throughout the gehome as demonstrated by in situ hybridization mapping
(Tobm et al., 1980; Fyrberg et al., 1981) lntcrestmgly, Drosoplula has no actin genes
coding for the muscle alpha- actin prot.ems "*E,v:dence from genomic hybndxzauon data
suggests that soybean actin is encoded in a small, mulugene family having a minimum °

- *
of ten cytoplasmic actin genes (Nagao et al., 1981).

E

Nucleotide and amino acid comparisons

Varying degrees of conser;ation exist between different actins. For example,
human, rat, bovine and chicken actins share 99.8% to 100%’ amino acid homology
! ‘(Nakajima-lij_ima ;i al., 1985), whereas yeést shares 77% to 79% amino acid homology
with soybean and maize (Shah et al., 1983), respectively. |

_In general, the amino acid sequences of different acﬁns within and between

species s,how‘ higher conservation than nucleotidﬁthparisons. For instance, Drosophila

and yeast actins share 86.4% amino acid homology but only 73% nucleotide homology



(Shah et a{..’1982). The two soybean actin proteins, SAc3 and SAcl, are 87.2%
conserved when the amino acid sequences predicted from the DNA ‘séquence are
compared, whereas the nucleotide sequences have 77.2% homology. This trend can be
explained by the prevalence’of third position codon ;ﬁanges that are mostly silqnl ‘with

respect to amino acid replacements.
;
Regions of high v‘ariability within the gene

Two localized regions within..the' actin gene appear 10 be more diverse relative to
the remainder of the coding sequence when different actins are corripared.

The N-terminal region of different actin proteins among species is highly variable
with the exceptions of bresidues 7-9 (Ala-Leu-Val) and residues 11-1‘5~ o ‘ |
(Asp-Asn-Gly-Ser-Gly) which are homologous in yeast, Dictyostelium, Drosophila, and
muscle and cyt‘oplasmic specific actins. Soybeaﬁ‘ractin differs slightly from these
seqtiences at 7-9 (ﬂglLeu-Val)_ and 11-15 (Asp-‘Asn-Gly-Ip_g-pGly), where the altered
amino acids are underlined (Pro f;'om Ala and Thr from Ser respectively). These data
suggest that rcsidues‘7§9' and 11-15 are structurally important. For all -of these spécics.
‘the N-termihal 3-4 residues are invariably acic}ic. With the excepti@h of the residues
7-9 and 11-15 outlined above, the N-términal nucleotides are'ﬂhig’hly variablé withiﬁ
organisms and between species. : = 3

- A second region of localized vatiation has been reported between codons 259 and.
© 298 by Vandekerckhove énd Weber (1978b, 1980). This regional variation is also evident
when _yeasi_ and the soybean SAc3 are compared, e‘xcept that ‘variability occurs from
- residues 228 to 277. | |
In general, 3' and 5'-flanking sequences of different actins are Qidely diverged
abetween and within species. vHowever. the beta actins of human and rat share more
than 80% homblogy in bo#.h the 5% and 3' untranslated (UT) regions. Funheﬁnore, the

3 UT sequence of human beta actin uéed as a radioactively-labeled probe hybridizes
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strongly to chick beta actin mRNA (Ponte et al.,, 1984). Pontc et al. (1984) suggested
that this homology may be maintained by strong gvolutionary pressure related to the
possible regulatory role the 3'-UT region may play, although no specific role was

suggested. o .

i’ossible control sites

Similarities in regulatory features have been observed in the S' flanking sequences
between many different actin genes Sites with striking homology with the putative
promoter TATA sequence or Hogness box (Gannon 1979) have been found in the
5'-UT regioh. For instance, the yeast TATA sequence is lgtath 54 base pairs

"upstream” from the AUG start codon, whereas, the soybean Hogness box is located 98

» 'base pairs "upstream” from the start codon. This TATA sequence is similar to that

seen in other cukaryotic genes (Shah et al., 1982) and may .function as a promotei

recognition . site. In additioq: the potential Cap sequence (C-C-A-T-A-C-A), as defined

by Hentschel et al. (1980), appear 27 nucleotides ,"downsiream” from the start of the.

T-A-T-A sequence in soybean and a potential CAAT box 61 nucleotides upstream from

TATA occurs in the human beta actin gene (Nakajima-lij,ima et al., 1985).

1 ¥4

Many of theiij'-UT regions of different actins share the sequence AATAAA
found about 20 residues upstream from the 3'-terminal poly(A) trac'ii‘in ‘actin mRNAs.
This site is also found in other mRNA species such as alpha and beta globulin mRNA
of rabbits and human, ovalbumin mRI_*}A of chicken and the immunoglobulin light_chain

mRNA of mouse (Proudfoot and Brovimlee, 1976). The AATAAA hexamer in the

'mRNA is important for cleavage and polyad;nylation of mRNA (Birnstiel et al., 1985).
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Introns and Exons ;

1

Intfons have been defined-as transcribed DNA segments that are processed

4

y.

excised by splicing together ghe flanking 'secjuenccsuo; exons on either side (Lewi:

(McKeown et al., 1978; Kindel and Firtel, 1978). nor one of the
(Bergsma et al., 1985), nor Oxytricha falléx L(Kaine and Spear, 198 ,.
introns are present in the rat skeletal muscle actin (Zakut er al., 1982) and seven in th :‘
human aor;ic smooth muscie actin (Engel et dl.. 1981). It is i_mercsling to note that

the human beta actin, one of the chick beta actins, and the rat S'kelelél muscle actin all
contain a single intron in the 5'-UT‘region when \the DNA and mRNA sequences are
compared. o }

Three introns of varying lengths occur at identical locations along :he plant actin

genes MAcl, SAcl and SAc3 but share no nucleotide similarity with each other, either

between introns of the same or different genes. One of the introns is found between

codons 20 arh 21, another between codons 355 and 356, and the other intron splits the

glycine codon at position 150 (Shah et al, 1982; Shah et al., 1983). Yeast contains one

intron between codons three and four whereas the chicken beta actin does not contain

an intron within its coding sequence. Drosophila actin genes have one intron, but the

position of each intron varies among the different actin genes (Fyrberg et al., 1981).

Zakut et al. (1982) suggested that intron site conservation may be used as an indicator

= of evolutionary relatedness. Simiiarily, Shah et al. (1982), proposed that positional

intron conservation in the maize and soybean actins support the view that the plant

actin genes may have evolved from a common ancestral actin gene containing a

- , <
minimum of three jntrons.

Possiblé functions of introns have been investigated in yeast (Ng et al., 1985),
an organism that is very responsive-iril' its growth to altered levels of actin expression,

whereby the actin gene with its intron deleted was transformed into yeast cells containing
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a mutant actin gene. Na, differences between the wild-type yeast cells ard cells ‘\\
. - . . ‘\
containing the actin gene with a deletgg intron, were detected leading to the assumption \

that the intron plays no important rolé in the function of the yeast actin gene.

Gilbert (1978) proposed that the primary function of ir{rons is to facilitate gene
evolution, i.e., the more primitive a ge;\xe. ti'le more introns it is likely to have. ‘
Therefore, many introns may ha;'e been [deleted from Drosophilé during evolution
because there has been a long time period to .excise‘introns from actin. It has been —
suggested (Zafar and Sodja, 1983) that actin is an ancient protein molecule originating
in the prokaryotes. This is based on the observation that hligher eukar&otes have higher

~ numbers of actin isoforms when compared to prokaryotes. o

-]



Il. MATERIALS AND METHODS

A. DNA Isolation R
. At the onset of this project, much cffort was made at obtaining consistently .

high vyields of high molecular'weighl DNA from lodgepole pine seedlings. Previous
procedures reported for the isolation of pine DNA yielded upblo, 100 Ticrograms of
DNA _per gram fresh weight of tissue (c.g., Zimmer et al., 1981 ms;chc and Dhillon, ¢
1_981). Eventually, a protocol was” developed where higher DNA yields were. obtained,
using solutions l-and 2 (see recipes) as outlined in the procedure of Coen e al., (1982)
for DNA isolation froﬁx Drosophtla. This pro‘locol. the ouﬂine of which follows, was
reas'onabl,y’ rapid and vielded from 200 to 500 .microg.ra.ms of DNA per gram fresh
weight of pine seedling tissues. The resultant high molecular weight DNA was easily
digested Witgl many restriction endonucleases. This protocoihwas followed for the first
half of the project until it was found that steps 3 to 8a could be omitted. Thus,
following grinding of ihe seedlit.; tissue and addition of solutions A and B, 0.96 grams
per ml of CsCl could besadded directly to the tissue 'Slurry’. Ethidium bromide (EtBr)
was added to a final concentration from 300 to 500 ug/ml and the DNA was
centrifuged at 45,000 rpm (Beckman L8-55 centrifuge, VTi56 rotor) for a minimum of
12 hours at 15°C. Steps 8b and 9 were then fellowed. This quicker method yielded o
from 100 to 300 ug of relatively cluean, high-molecular-weight DNA, free of RNA
contamination. ) : | ‘

- | , ; Vs
Extraction and Isolation of Lodgepole Pine DNA

(Solutions 1 and 2 frc;m Coen et al.; 1982.)
1. Approxi;rlately 10 grams (fresh weighi) of two week old germinants were surface

sterilized with a 1% hydrogen peroxide solution, followed by a wash in 3%

-

detergent (we use "lux" liquid detergent) solution and a final rinse with distilled

12
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' ‘watcr Seedling tissues was then ground to a fine po?wdcr in lnqmd nitrogcn
usmg a precooled mortar and pestle.
The ground tissue was divided into two 30 ml Corex tubes and sufficient Buffer
1 was quickly added to both tubes to thoroughly cover the tissue (about five
ml/wbe). An equal volume of Buffer 2, brehcatcd to 65°C, was then added to
each tube. The ratio of total soluuon voldme to tissue volume (as a 'slurry')
was about 2.5:1, respectively (see Recipcs. below).
The samples were incubated in a 65°C water bath for 45 to 60 minutes. The
solution was noticeably visco‘l.;ez ai this point.
The tubes were spun at 12,000 g max for 10 minutes at 20°C (SS34 fixed-angle
Totor in a RC-5B Sorval centrifuge). |
The supernatant was discarded. . Equal volumes of Buffer 1 and Buffer 2 (abbut
two ml of each) were added to the tubes and the pellet was gently loosened. J
Each pellet was then reground in a small, preheated (65°C) mortar and pestle to
yield a fine homogeneous 'slurry’ which was replaced in a clean Corex v;.tube' and
further incubated for 10 to 15 minutes at 65°C.
Following regrinding and incubation, SDS was, added to 1% of the total voluxﬂé
(50ul of a 10% stock solution) and 200ul of a self -digested prbnase (Sigma type
XIV) solution (two mg/ml in H-NET) was added to each tube. The samples
‘were Lhen. incubated overnight at 3TC. (Note: The added SDS is iq addition ¢o
the SDS present in Buffer 2). | .
Equal volumes of watcr-saturated phenol (BDH chemicals) were added to each
tube, mixed thoroughly by gently invertiné the Sample for 10 to 20 minutes, and
then eentrifuged at 12,000 g max., 20°C, for 10 minutes. The resultant solution
contained three discrete layers: (i) the lower phenol phase which also contained a
pellet of macerated tissue and oéllular debris, (ii) the interphase containing
" various precipitated cellular constitqents'; and (iii) the upper, highly viscous

aqueous phasg. which contained most of the-DNA. This upper phase was gently
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removed and plaeed in a clcarr 39 ml Corex tube. !'A'_flcr transferring the viscous
upper layer 10 a clean Corex tubr:, four ml of TE buffer were added to the
material remaining in the tube. The saQiplcs were then mixed by inversion.
Following ccmrrfugauon the upper viscous 'DNA’ Iaycr was added to the first

‘DNA" fraction already collected. This re-extraction was repeated as many times

as desired resulting in successively higher total- DNA yields per ‘pleparation. - This~

extraction has been repeated up to five times where it was noted that the
aqueous phase is still noticeably viscous aqueous phase. The final poolod
aqueous phase containing DNA was then re-extracted with phenol at lca'sr twice
more, or until the phenol phase became clear. ]
Residual pheno! was removed from the aqueous phase by extracting at lcast once
with-an equal volume of chloroform isoamy!l alcohol (24:1). The aquepus DNA
fraction was collected after centrifugation at IZ.QOO g max, for four minutes at
2°C. | |
a. - Upon addition of 1/10 ’volume of 3M NaOAc and l:ycring three
voiumes of 95% ethanol over the viscous DNA solution, DNA was
spooled out and. subsequently resuspended in. five ml of 'I:E
buffer.
b. Although the spooled DNA could be cleaved with resmcuon
endonucleases, more consistent results wzre obtained if the DNA
was further purified by a cesium chloride- eudmm bromrdc
(CsCl EtBr) ultracentrifugation step, using 0. 98 gm of CsCl added
to ‘each ml of DNA solution and addition of EtBr to a final
.concentration from 100 to 400 ug/ml.‘ Following centrifugation at
54,000 rpm (Bockman L8-55 centrgugc. VTi65 rotor) for a
minimum of six hours at 15°C, the DNA band was collected.”
EtBr was removed from Lhe‘ solution by five or six extractions

with isopropénol previously saturated with NaCl-20 mM Tris
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!

soluuonl
9, To re e CsCl the soluuon was dlalyzed overmghl in four lwres of TE buffer
| wnlh at least 1 buffer change, preferably 1*4 hours after beginning dralysrs
10. Following dialysis the DNA solullon, contarmng small amoumsvof ‘ RNA, was
oflen stored over a 'few drops of chloroform at 4°C.: Altematively, an:)l ) |
remammg RNA was removed by adding 20ul of a heat-treated RNase. A soluuon
| ,(two mg/ml in H- NET) for each ml of solunon This step was followed by
.phenol and chlorofbrm/ rsoamyl alcohol extractrons to remove RNase and residual

- phenol, respectively. Resrdual chloroform /isoamy]l alcohol was removed by

<&
ethanol precrpuatron or dralysrs as descrrbed above

a0

1. Buffer.1: 10 mM Tris, 60mM NaCl, 5% sucrose, 10mM EDTA, pH 7.5.
2. Buffer 2: 1.25% SDS.'O.SM l’l'ris | O.IM EDTA, 5% sucrose, pr 9.0. '(lNote:'v
The buffer recrpes used in this DNAvisolation protocol were obtained from Coen
e al., 1982. Buffer 2 was modrfred by deleung diethyl pyrocarbonate)

3. TE Buffer: 10mM, Tris-Cl, pH 8.0, ImM EDTA.
H- NET lOOmM Trxs Cl, pH 7.2, 150 mM NaCl, 1 mM EDTA.

wo s

- 10X TBE Buffer: 1M TI'lS Borate, pH 8. 3 20mM EDTA (drsodlum salt)

B Blot Hybridization

Electrophoresrs of genomic DNA (IO -15 ug) was carned out on 0.83% agarose

‘>

- gels (MamaUS et al., 1982) contarmng EtBr ar a concentration of 0. 5 ug/mi, transferred

" to Brodyne membrane (Pall Corp) or Gene Screen Plus (New England Nuclear) and

i
o



o o
hybridized with radioactive probe usmg 1he protocol ouwllmcd by Klessig and Berry
(1983). T’he probe was a genomrc DNA fragment encodm: soybean actin (SAc3)
isolated from the pSAcl plasmid (a grft of R.B. Meagher) and labelggﬁ @smg a
technique developed ;by- Feinberg and Vogelstem (1983, 1984) that radiolabels denalurcd
D.NA lQ hrgn specrfrc activities with Klenow, thc large fragment gf DNA Polymerase 1

(Bethesda Research Laboratories) ‘and random oligonucleotides (Pharmacja) as ' primers.

C. 'P;irtial LiLI;rary Construction

The results of the hybridization analysis suggested approxrmately six HindlIll
fragments sized from 0.9 to 7.6 kilpbases (kb) carried ac_tin,sequen)ces. Therefore,
I-.iindIII-digested'genomic DNA was fractionated on a 10-40% sr:crose gradient (Maniatis
et"al., 1982) and dialyzed against TE buffer. Pine HindIll ‘r'estricrion fragrneni;s sized
from 0.5 to 8.0 kb were ligated into I-iindlII digested dephosphorylated pUC19 plasmid
vector (Norrander er al., 1983), transformed intp the Escherichia co_li bacterial strain
JM83 (Yaniseh-Perron et ‘al.‘. 1985), and'«propegated such that 201 discrete_transformed’
populations; each -consisting pf approximately 3000 transfo_rmants. were maintained.
Fifty percent of the transformants. within 'each pop’ulation contained pine inserte Thus',
1500 umque recombmant clofes were present m each population. pUC19 DNA was
dephésphorylated with calf mtesrmal phosphatase (Boehringer Mannheim). _Populauons
were allowed to grow to saturation in three ml of L-broth” overnight, screened separately
by doggng aliquots of each populatron on brodyne membrane and subsequently the filter

-

was hybridized with radroacuve SAc3 DNA which had been purif 1ed from pBR322 DNA

‘sequences. ‘Populations of transformants, rather than individuals were initially screened

rather than individual transformants to overcome problems presented by the, large genome-

size of lodgepole pine (12.2 pg or 11.1 X 10 ° bp/haploid genome). This screening

_ protocel énabled large numbers of tranéforrnpd cells to be quickly end efficiently

, .
screened, because as many as 53 popu_lations (containing a total of about 80,000
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lransformants) could be screened on a slngle membrane. ﬂfni-plasmid DNA
preparations were done on eight out of a total 201 populations found to hybridize with

SAc3. Electrophoresis was carried out .on a 0.8% agarose gel, which was subsequently

Southern tfansfcrred. The sin”glc pc')pulation‘found to hybridize with the SAc3 probe was

further examined by filter-colony hybridization to isolate recombinant’ plasmids containing
pine actin seduences. Southern ‘transfer filter colony transfers and subsequent
hybrxdlzallons were carrxed out as per accompanying Biodyne membrane manul"actul'ers
mstrueuons Restncuon endonucleases and T4 DNA ligase were obtamed from New .
England Biolabs and Betheseda Rescarch Laboratorles and. were used in accordance with
- supplier's instructions. a-”PdCTP was obtained from New England Nuclear Plasmld)

DNA was 1solated as descrlbed by Kahn et al., 1979.

D. DNA Sequencmg -
DNA sequences were deterrnmed by the method of Sanger et al. (1977), using
the M13 derivatives mp18 and mpl9 (Norrander et al., 1983) for the production bﬂ
single stranded DNA templates. ‘JM103 bacterlal cells (Messing, 1983) were transformed
using the procedu;re. of Norpaxd et al., 1978. = Single-stranded DNA isolated .fro‘m the
transformed cells was primed with synthetic 17-mer ol:tained from New England Nuclcar
Laboratories. DNA seduencing reabtidns were carried out at 45°C and run on 6% pH
8.3 thin polyacrylamide gels (Sanger and Coulsbn, 1978). Cdmpression of bands on the
gel caused by seconda:y structure effects in the DNA template were overcome by
replacing dGTP with dITP (deoxyinosine triphosphate) in the reaction n.lixtures.,
.Secondary.struc'ture‘problems are less likely to occur because 1:C base-pairing is weaker
than G:C palring (Sanger et al., 1982). The computer programs of Staden (1977 to

,1980b) were used to analyze the DNA sequence.

4
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E. Sequence Analysis
Amino acid comparisons among the coding scquences of different actin genes was

done usiné the enie ‘Analysis Program (Beck'man lns;rumcyts). Intron - homology

comparisons were also done using the Microgenie Program, whercas nucleotide Y ]

comparisons were done without the aid of a computer. ¢

‘



[II. RESULTS AND DISCUSSION

A. Southern Blot‘Analysis ‘ A

Detection of. the pine actin gene family was achieved ‘by> hybridization of pine
genomic DNA with a 32P.[abeled soybean actin gene, SAc3, as the probe. In single
digests'with the'restriction enzymes Hindlll and EcoRI, a minimum of approximately
six and eight actin-related ?estriction fragments respeetively. were revealed ('Figure 1).
The results suggest that pme actin exists as a multigene family, although it is difficult -
o esttmate the number of genes involved from these data alone.

Based on these results it was decided to clone the 'HindlIl fragments into a
bactcrial plasrnid for furthetﬁmtysis Beeause most of the hybridizing bands of pine
- DNA were between 0.5 and 8.0 kb, Hmd]ll -digested pine DNA sized to these limits
was ligated into the bacterial plasmid pUC19. The ltgated DNA's were transforme: th;
bacterral cells, and 201 separate populations of transformants were maintained as
described in Mater’ials and Methods. Each of these populations was screened for the
nresence of pine actin sequehces usiné the SAc3 probe.'; Figure 2 shows an example of
53 .of these 201 screened populations'. Populations #73 and #86 were chosen for
furthertesting; from this particular sample in additio‘n to six other ptrtative positive
populations, Undtgested plasmld DNA prepared by the "quick screen method from
these enght possible posmves was electrophoresed transferred to Biodyne membrane and
hybndtzed with the SAc3 probe. _ Populatron #86 was found to hybridize strongly with
the SAc3 probe (Figure 3), and was snbsequently examined by filter colony hybridization -
of in'dividual iselates from the population. This resulted in the isolation of a ‘eingle
clone with a ;p_ine actin containing Hindlll restrietion actin fragment.v This plasmid was
_ desigrrated pPAel. The other seven populations gave -visually'weeker hybridization '
responses when compared to population #186. It seems likely that these weaker
responses resulted from thepresence of low amounts of the 4.2 kb pBR322 DNA in the

3.0 kb SAc3 DNA isolajed from the pSAc3 plasmid by extraction from a low

-
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Figure 1

‘ | a

Autoradiograph of a southgm transfer of pihe genomic DNA digested with restriction
enzymes and hybridized with nick -translated SAc3; Lane 1 - Pine DNA‘ digested with
HindIII. Lane 2 - Pine DNA digested with EcoRl. Lane 3 - Pine DNA digested with
HindIIl and EcoRI. Lane 4 - Pine DNA digested with EcoRV. Lane S - pSAcl DNA
‘digested with HindIIl. The numbcrs.next of the figure indicated the sizes of restriction »
fragments in kilobases. Residual pBR322 comami‘nat'ion present when the SA3 f;agmem
.was isolated from pSAc3 can be detected in lane 5. The 4.2 kb linear pBR322 plasmid

" from the pSAc3 control hybridizeé only slightly less intensely when compared to the 30

kb SAc3-Sac3 hybxdization.
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Figure 2 | 4
Sample of pépulations numbered 54 to 106 of transformants screened with

nick -translated SAc3 .DNA. Populations are numbered in increasing consecutive
inérements from those - numbers indicated at the tdp of each column. Positive and
negative controls were streaked in the shape of X's and are represem‘ed by '+'and '-,
respectively. The '+ control consisted of JM83 cells conLaining pSAc3 plasmid, whereas
the '-' control contained the pUC19 vecfor. ‘Populations #73 and #86 were

subsequently tested from this particular sample.






Figure 3

1
v

r 4 -
Autoradiograph of undigested mini-plasmid preparations of populations electrophoresed,

Southern transferred and hybridized to nick-translated SAc3. Populations 195, 192, 182,
86, 73, 44, 11, and 8 are in lanes one 1o eight, respectively. Population #86 (lane 4)

gave the most intense signal of all e‘ight populations. ,
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26
temperatuﬂ?hemng agarosc gel. The small size/:iifrqrences between the pBR322 and
SAc) DNA bands when subjected to electrophoresis resulted in the iséli‘l’ian of impure
SAc3 DNA. .This contaminating pBR322 DNA hybridized strongly to the pUCI19 |
sequence in the recombinant plasmids, sincc’pUCl? and pBR322 contain large regi(;ns of
homology (Norrandér et al., 1983). In addition to the pSAc3 Hindll] digestion in
Figure 1, the presence of residual pBR322 contamination in SAc3 DNA isolates can be
. observed in the 'negative' control in Fig. 2. This negative control consists of JM83 cells
containing the pUC19 plasm‘id,‘_‘\yhereas the positive control consists of -JM83 cells
_cohtaining pPAcl. “Although the 'negative’ control response is not as intense as the
'positive’ control, it still results in a stronger response than ’cxpected for DNA not
c;)ntaining actin when hybridized with 'SAc3. Oﬁ this basis, .the seven remaining ‘
populations were not further analyzed.

Restriction ma'ppirig/ experiments revealed that pPAcl cérrjed a pine DNA
HindIIl restriction fragment approximately 1.67 kb in size and resulted”in ‘the
identification of a few endonuclease restriction’ sites contained on this fragmem
(designated PAcl) (Figure 4). A preliminary restriction map of PAcl based on tﬁe
digesiion in Figure 4, is illustra;_ed in Figure 5. The gel shown in Fig. 4 was
subsequently transférred to Biod);ne membrane and hybridized with SAc3 indicating that
the pine actin sequences homologous to SAc3 )vere locag}ed on a 0.75kb Hindlll-EcoRl
subfragment of the original 1.67kb Hindlll fragment (Figure 6). This Hifzdlll-EcoRl
fragment was subsequently recloned into pUCI9 to kgiverlas,miH pPAcl-A. The residual
contamination of the probe with pBR322, mentioned above, is evident in lanes one to
’ six of Fig. 6, where hybridization to the 2.7 kb linear pUC19 DNA fragment occurs.
Hybridization to thé higher molecuiar'weight bands likely resulted from partial digests.

The 1.67kb HindIll fragment descril;ed above was. purified by electiophoresis of
pPPAcl DNA digested with HindI/] on a low temperature melting 0.8% aguose/gel. and
used to probe further blots 6f genomic pine DNA (Figure 7).. As described later, PAcl

contains 483 nucleotides of the carboxy terminal portion of a pine actin gene. Since the



Figure 4

Endonuclease feﬁi'c’t’ion analysis of the plasmid PAcl. PAcl was digested with Hindlll,
excising the 1.67 kb lodgepole pine aéﬁn fragment from the 2.7 kb pUCI19 vector in *
lanes 3 to 11. The plasmid band is pfcscnt in all further double and triple digestions
because it does not comain any restriction sites for the enzymes subseiquently used in
lanes 3 to 10. The PAcl fragme{n was further restric’:led as follows. Lane 3 - EcoRV
and Bglll. Lane 4  EcoRI and Bglll." Lane S - Bglll. Lane 6 - EcoRV and

EcoRI. Lane 7 - EcoRV. Lane 8 - EcoRl and BamH1. Lan‘e‘9 - BamHI. Lane 10
- }Eco‘RI.' Lane 1 contains Hindlfl di'gested lambda pNA and lanes 2 a:ld 12 contain
HindIIl and EcoRI digested lambda DNA. The HindIIl, HindIIl and EcoRI molgcular

. . -
weight stand-.rds are shown in kilobases along the right-hand side of the figure.

e ¢
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Figure 5 ° = .
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Preliminary restriction map of the lodgepole pine PAci actin fragment deduced from. the

restriction patterns in Figure 4.. Approximate distances of the restrictions sites are
‘indicated along the bottom of the t”igufe it number of nucleotides. el
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Figure 6 \ | ‘ .

PAcl restriction f ragments from the agarose gel shown in Figuré 4, transferred: to
Biodyne membranc and hybridized to ”«l’ - labelled soybean probe, SAc3. VT.h\e
restrrctron enzymes used are as follows: Lane 1 - EcoRV and Bglll. Lane 2 - EcoRl
ah'd Bgl]l Lane 3 - Bgl/ll. Lane 4 - EcoRI and :EcoRV. lane S - EcoRV. Lane 6
-+ EcoRl and BamHl. Lane 7 - BamH] Lane 8 - EcoRl. Lane 9 - HindlIl. The
portion of PAcl contamrng actin sequences was deduced from this autoradrogram For
' example the smaller HindlII-EcoRI fragment observetr in lane S(approxrmately 0.8 kb)
contains actin coding sequences ‘whereas the 0. 9 kb fragment either carries very few or
| none at all, The response of the 230 bp fragments from ‘Hindll11, EcoRI Bglil (Lane
| 4)and HindIll, EcoRl, EcoRV (Lane 6) digests in addition to the larger 500 bp
fragments indicate that Bglll and EcoRV are contained within %lle actin coding sequence
whereas BamH1 lrkely is not. THe occurrence @ands at. molecular werghts of 2.7 kb :
and hrgl;er in lanes 1 to 6 result from hybrrdrzatron of resrdual contammauon of
pBR322 vector in the SAc3 probe isolated from pSAc3 on a low temperature melting -
‘ point gel. Unequal hybndrzauon of . thrs "a;srdual contamination most likely result from
an uneven transfer of DNA to the Brodyne membrane. The lambda Hmd]II-EcoRI
| molecular: werght standards are shown in krlo?gses along the right-hand side of the

ot

figure.
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Figure 7

Autoradiograph of a Souihem transfer of lodgepole pine genomic DNA digested with
restriction ‘enzymes and hybridized with !P-labelled PAcl DNA. Lane 1 - pPAcl
digested with the restriction enzymes HindIIl, EcoRl, and Bglll. Lane 2 - pSAc3 DNA
digested with HindIll, Lane 3 - Pine DNA digested with HindlI] and Mspl. Lane 4
- Pine DNA digested with Mspl. Lane 5 - Pine DNA digested‘wit.h HindIII and s
Haelll. Lane 6 - Pine DNA digested with Haelll. Lane 7 - Pine DNA digested with
HindII] and Bglll. Lane 8 - Pine DNA digested with Bgl/I. Lane 9 - Pine DNA
digested with HindII] and- EcoRI. Lane 10 - Pine DNA digested with EcoRJ. Lane 11

- Pine DNA digested with Hind!l]. The numbers along’ the right-hand side of the

figure ‘are the restriction fragment sizes in kilobases.
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entire coding sequence of the SAc3 gene is 1128‘ nucleotides, PAcl only contains' about
43% of the pinc actin -coding region. Thus, fewer pine genomic restriction fragméms are
| expected to contain nucleotide sequences homologous to the actin. sequenges contained on
PAcl, re‘i’ative to SAc3, and the number of these bands should -close_ly correlate with the
nurpber of actin genes present in the pine genome. However, it is difficult to determine
the absolute number of bands present on either of the blots hybridized with SAc3‘or
PAcl because of the low resolution, particularily' for the higher molecular weight
fragm‘ems. I,In'additio,n. it is possible. that high molecular weight fragments carry more
than one cdpy_ of actin. However, the resolution is adequate to differentiate a minimum
of about"nine Hindl1] bands and eight ﬁcoRl bands when digested ﬁine «genomic DNA
is hybridized with PAcl. It is possible that soine of these HindII] ar/1d EcoRI bands .
potentially reflect paftial digestion broduqts.’ This wouid result in artifi_tially high .
| numbers of _res;riction fragments cqntaining actin sequences. For all these reasons, it is
difficult to calculate precisely the number of actin genes in pine. Assuming, complete
digestion, the pine multigene family only can be estimated to contain a minimum of
éighl actin genes! from the data in Figure 7.
~In addition to h?bridizing pine genomic DNA with the SAc3 and PAcl probes,
further hybridization using *’P-labelled pBR322 was done to ascertain if the genomic
»DNA was contaminated with any plaémid vectors commonly used in our laboratory. To
determine this, the same Southefn transfer probed with PAcl (autoradiograph shown in
Figure 7) was washed and  reprobed with the pBR322 probe (Figure 8). It is obv'ious‘
from the autoradiograph presented"that different pBR322 - felated plasmids are present
in the genomic DNA. Furthermore, the bands in Figure 8 correspond to seme 6f the
same bands obseryed in Figure 7. For example, the same 2.7Ikb and 4.2 kb bands are -
present in both autoradiographs. Thus, it is apparent that. ‘comamination of pBR322
rt‘al-a’ted ‘1.)lasmids account for some of the bands observed in Figure 7 that were initially :
assumed to be responses to hybridization of actin genes. It therefore becomes even

more difficult to determine the number of genes contained in the lodgepole pine actin



Figure 8 )

Autoradiograbh 6f the §ame Southern transfer hybridized with PAcl (Figure 7) that was
washed and reprobed with *? P-labelled pBR322 DNA. Some of the bands, such as the
2.7 and 4.2 kb bands, correspond to bands obéerved when *? P-labelled PAcl DNA is
used in the hybridization reaction. However, most of the other plasmid bands do not
correspond to those observed in the autoradiograph depicted in Figure 7. The lodgepole
pine genomic ADNA and controls were digested as follows.  Lane 1 - pPAcl digested
with HindIII,VEcoRI. and Bglll. Lane 2 - pSAc3 digested with Hindlll. 'Lane 3.
Pine genon3ic DNA digested with HindII] and Mspl.. Lane 4 -‘ Pine genomic DNA
digested with Mspl. Lahe 5 - Pine genomic DNA digested with HindII] and Haelll.
Lane 6 - Pine genomic DNA digested with Hae/ll. Lane 7 - Pine genomic DNA
digeste;d with HindIl] and Bglll. Lane 8 - Pine genomic DNA digestea with Bglll.

Lane 9 - Pine genomic DNA diéested with HindlIl and EcoRI. Lane 10 - Pine

&

genomic DNA v_digesfed with Ecokl. Lane 11,-‘ Pine genomic DNA digested with
HindIII. The numbers along the right-hand side of the figure ﬁre the restriction

fragment sizes in kilobases.
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family. Despite the difficulties of determining the absolute number of hybridizing

bands, the data in Figures 1 and\7 are in many respects condistent with those in Figurc
4. For example, Southerns blots containing- Hind//! digested pinc genomic DNA and
hybridized with either SAc3 or PAcl contain a 1.67 kb band. This»l.‘(ﬂ kb fragment *
verifies the identity of PAcl-A-as a clonc derived from thé pinc genome, Similarily, |

pine genomic DNA digested with Hindll] and E‘boRl result in 0.75 and 0.95 kb

fragments; HindlIl and bglll digests result in 1.45 and 0.2 kb fragments; and Hindlll

and Mspl result in 0.45‘ and 1.2 kb fragments when hybridized with PAcl which

correspond to the restriction- sites contained in PAcl.

B. Sequencing the PAcl-A Fragment '

Both suands of PAcl-A were fully sequenced as shown in Figure 9. Tge DNA
sequence of “tpe 750 bp HindIII-EcoRquyagment (PAcl-A) that hybridizes to' SAc3 is
presented in Fi“guvre 10. ln’ positions where secondary structures in the DNA made lhe_
sequence unreadable, ;he appropiate clon'es were re-sequenced using dITf’ in the reaction
mixture rather than dGTP (Sanger et al., 1982){. ‘Comparison of the P/}cl-A sequence
to the published SAc3 séquence {Shah et al., 1982) revealed that this pine DNA
fr’nt com\('gi'hed codfng sequences corresponding to amino acids 216 through to 376 of
the soybean gené, SAc3. This represents the carboxy terminal portion of the gene. Tﬁc

coding sequence is interrupted by a ‘s\ingle intron 130 nucleotides long that occurs

between codons 355-and 356.

C. Comparisons of Actin Genes of Different Species
In order to evaluate the evolutionary relationship between the actin gene of pine
and those of other species, the entire PAcl-A coding sequence was compared ®o the

previously published coding sequences of soybean actins SAc3 and SAcl (Shah et al,
_ - ~

\



Figure 9

Physical map and' sequencing strategy of the 0.75 kb Hindlll-EcoRI fragment of
PPAcl-A. The SAc3 amino acids (A.A.) to which the lodgepole pine actin fragment
correspond, the locations of the intron, and the region of 3' flanking sequence are
shown. The relative distance in basepairs have been drawn colinearly beneath the
structural map. Sequencing was done through all the restriction sites used for

subcloning into M13.



40

[yoa3 -

1112®H

rreqy -

5

jdep —

Iveneg |
Tesy

-

=

_<n=-mh

LR 4

Iveneg/1li8g
AY¥o>3

Iny

1bey

11IPRtH

1

1

3

Flanking
Sequence

AL
”e

AA
ne

)

ST

[e—

R

[ S ——

700

600

500

400

300

200

100

a

Base Pairs



Figure 10

Nucleotide sequence of the PAcl-A lodgepole pine}tin fragment. This fragment .

contains the carboxy-terminal portion of a pine actin and includes one intron-and. 3’

flanking sequences. | N
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| 1982 ;nd Shah et al., 1983, respectively) maize actin* MAcl (Shah er al., 1983) yeast
(Gallwntz and Sures, 1980) and- chicken ‘beta actin (Kost et al., 1983), The results of ..
the compansons are shown in Table 1,. To date, the sequences of ‘the s_oybean and_
maize actin _genes are the only ones published for. plant species. - Yeast was chosen for
vthe comparison because it is evolutionarily distant to soybean, maize and pine. The
chlcken actin sequence represented a different, unrelated specres evolutronanly dtstant

1 rom both the hrgher plant and yeast species. Thus, members of the plant. ammal and
fungal kingdoms are represented in this study.~ The amind acid differences given in the
table werey based on the total observed substitutions between any(!two genes. ‘Cases
where amino acrds were unknown were treated as no changes The nucleotide “
drfferences were-. based on totalvobse—rved substrtut:ons between any two genes only where
nucleoudes were known. For example the SAc3 gene has three codons each with one
‘uhknown nucleoude Thus these ammo acids were consndered as matches in the amino
‘acxd’eomparxsons and the unknown nucleotrdes were not used in the nucleotide
compansons for calculatrons of percent homology. Armno acid: insertions and deletions
were. treated as one amino acrd change regardless of how many amino aczds were added
or deleted at any one locatron Nucleotide insertions and deletions were not considered
in p‘ercent homology'calculations ot | | |

“In all the comparxsons shown m Table 1 hrgher levels of homology were

rconsxstently observed at the amino acrd level in contrast to the nucleotrde levei Thrs
observauon can -be accounted ror by the predomlnance of third- base:codon substitutions,
: whrch are mostly silent (Ta,ble 2). Generally, the homology values in Table 1 correlate
wrth evolutronary drstances desprte the* hrgh conservatron of‘ the actin protem Yeast

. which 1s a dlstant organism erm the plant and chicken specres has the least amouanof

- homology to pme This contrasts wrth the pine- soybean and pine-maize- corrgrrsons
s\

s,
[

where lugher homology values are observed among these more closely related specres
'Perhaps supnsmgly, nucleotlde and amxno acrd homology values ‘of pine- chtcken

compansons fall midway between those of pine- SAcl pine-MAcl, and ﬂlne yeast It is

L



TABLE 1: Nucleotide and Amino Acid Comparisons

o - " 'NUCLEOTIDE  AMINO ACID
Total .  %Homology Total %Homology.
Changes Changes E
N ! . . \

PAcl-A vs. SAcl 1097481 77.3 /1617 851
SAC3 | 1107483 772" 15/161 90.7°

MAcl 1207483 75.2 25/161 845

Chicken 144/483 702 29/161  © 820

Yeast 167/483 65.4 35/161 78.3

SAcl vs.  SAC3,()  253/1120 77.4 . 56/378 8.2
Giy 7 112/483 67 22716 863

P MAcl (i) ' 29271119 739 65/378 828
TG 123479 74.4 327161 80.1 -

i Chicken (1) - 3071124, 727 717378 81.2
D 140481 | 709 35/161 78.3

© Yeast (i) - 355/1H7 - |- 682 89/378 6.5
SR G 2GC B 407161 75.2

25311200 T4 52/377 86.2

1107481 77.] 24/161 . 85.1

286/1112 742 S6/37. 85.1

143/480 70.0 28/16T \-~ 826

332115 102 74/317 80.4

153/483 68.3 34/161 789
MAc vs. Chxcken W e - 54 S6/376 - . 851
| D L 716 33/161 79.5

Yeast (i) - 343/1125  .69.5 78/376 793

(i) e 1587483 67.3 -~ 38/161 76.4

4 cmckeﬁ"-vs Yeast (i) 28212 . 748 43/376 88.6
e (ii) - 133/480 723 23/161 85.7

Nucleoude and amino acxd composmons ef actin sequences among different
organisms. The number of observed substituted (or “unmatched) nucleotides and
amino acids in- the exon region are shown as total changes for the regions of
nucleotide. or amino acid sequences compared. Homology values for each companson
are expressed ‘as percentages of the number of matched nucleotides and amino acids
contained in the exon, between. any two species. Where two values are shown, the
top value (i) is sthe comparison of two entire actin sequences and’ the bottom -
number (ii) is the calculation based on comparisons of the carboxy tcmmal pomon
~of the actin genes that correspond to the -PAcl-A mue DNA sequence determmed in -
‘ thls thesis. : :
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" TABLE 2: Percentage of Codon Positional C)mnges

s

. %CHANGES AT

. CODONPOSITIONS PERCENT
Total
Species "~ Comparison 1. 2 ! 3 Nucleotide
Changes
PAcl-A vs. SAcl 4.6 2.7 15.4 22.7
SAc3 3.5 1.4 17.7 22.8
MAcl 4.8 2.5 17.5 24.8
Chicken 6.2 5.0 18.6 29.8
Yeast 9.1 4.3 21.0 34.6
SAcl vs. SAc3 (i) 3.8 2.2 16.2 22.6
C o, (i) 4,0 1.9 17.4 23.3:
MAcl (i) 5.3 2.1 18.7 26.1
(i1) 6.1 2.5 17.1 25.7
Chicken (i) 5.7 3.6 17.8 . 273
(ii) 5.6 4.6 18.9 : 29.1
Yeast (i)}, 8.2 3.6 19.8 - 31.8
(ii) 8.5 37 19.5 31.7
SAc3 vs. MAcl (i) 3.7 1.5 o112 .6
(i) 4.8 1.5 ~16.6 22.9
Chicken (i) 4.9 3.7 17.1 % 25.7
(i) 6.0, 4.6 +19.2 29.8
Yeast (i) 7.8 3.5 18.5 29.8
(ii) 8.7 . ¢ 4.1 18.9. 31.7
o .
MAcl vs. Chicken (i) 5.4 v 35 15.7 24.6
: @) 7.5 - 54 15.5 ©28.4
Yeast (i) 8.1 34 19.0 30.5
. (ii) . 85 4.6 - 19.6 32.7
Chickén vs. Yeast (i}). ., ° 5.7 o 59:;%\2 ' 17.1 25.2
,”(iw;;; 58 7 3 18.6 27.7
L g . - “
R N - £ . . -“" » .
Y [ &n, .

Total number 0f changes occurring at each position.in a codon among different

species. Where “two values are shown, the top value (i) is the comparison of two
entire actins and the bottoin number (ii) is the calculation based on com\p?r'i,son of
the carboxy-terminal portion of the gene that corresponds to -the ‘PAcl-A factin DNA .
sequence determined in this thesis. ' @
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ihteresting to note that the PAcl-A amino acid sequence is the most homologous to- the
soybean actin SAc3 gene. It is even more ‘homologous than SAcl. This might be
explained by the existence of different sub-classés of aclins""wnhj,n an organism that may

perform slig.ht"l_v different cellular functions, }:vc different developmental or tissue

. specificities, or are no longer furictiongl a;f,;; ‘the casc of pseudogenes (e.g. Little,

ot

s

b “J' '“)HN . . epe
1982). For example, many of the h yi;‘c .wﬁg{e_lglal‘ actins, which have been classified
as 'alpha-actins from the predicted amino acid seqficnce based on the DNA sequence.
~appear to be pseudogenes (Pome‘ et al., 1983). Also, studies in organisms such as

Drosophila (Fyrberg et al., 1983) and sea urchin (Garcia er al., 1984) have §hown that
different ‘actins have unique expression patterns dependant on the developmental stage

N I:'EZ?“ )
and_tissue type analyzed. It is therefore possible that the two sovbean genes belong to

ferent sub-classes and that the SAc3 'tybe' more closely reéembles the PAcl-A
pe' than SAcl. -
The comparisoﬁs shown in Table 1 rated all amino acid substitions, additions and
"eticins .with equal values. To Qetermine if these calculations gave a'.trnu'e repfesemation
of iarotein evolution, the’amino af:i'd"substitutions ‘occurring between PAcl-A and* SAc3,
SAcl; MAcl, chicken, and ye'ist yi/ere assigned values based on the property differences
conferred on the actin.protei’n by a given amino acid substitution (Table 3). These
values, calculated -by Grantham (1974),'were based on composition, ﬁolarity ‘and
moleculér volume betweeﬁ the suﬁstituted amino acids, where higher values relect greater
protein differenées. In Table 3, a direct correlation between the crude aminb acid
‘ homolggy estimates and the "differences. determined. by Grantham's (1974) parametefs was
observed. ‘The PAcl-A and SAc3 ‘genes share the iowest amount of ‘aminp acid change,
whereas the PAcl-A and yeast actin proteins d‘iffer the most. |
Comparisons among the ..actin genes of all the species used in the, pine actiﬁ
¢omparisons were done 'to d;téhnir;e,? if- comparisons amorig the carboxy portions 6f
different specféé were reprgsenlati‘\/é of comparisons of entire genes. This Was

aﬁcomplished in two ways, first by comparing entire genes and second, using only the

PRSI
-



TABLE 3: Comparisons of Percentage Amino Acid Homology with W

47

eighted Amino

Acid Substitutions .
. : % A.A. Weighted A.A.

‘Specics \ | Comparison Homology Substitutions

PAcl-A s, SAcl 85.1 1376
SAc3 90.7 854
MAcl 84.5 1547
Chicken 82.0 1881
Yeast 78.3

2020

Amino acid substitutions are weighted according to composition, polarity, and
molecular volume with parameters calculated” by .Grantham (1974}, Substitutions
‘ resulting in higher values dnrectly correlate with larger protein differences.
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carboxy portions of the genes tl}at corresponded to the PAcl-A, gené sequence.
. Similarily, the relative percentage of nucleotide and amino acid c'haﬁ'é'és were com;ié‘rcd
between the various actip genes when the actin gene is considered as an’ amino portibn
of a carboxy portion. These were &ef ined by the regions not encoded or encoded by
PAcl-A, ~respectively (Table ~i) While the nucleotide values show little difference, the
, ammo ac1d dlfferences are consistently greater in the carboxy poruon with the excepuon
of .the SAcl and SAc3 actins comparison. - Despite this increased vanabxhl) in the
carboxy region, nucleotide and amino acid homology values of all comparisons strongly
corr:spond with evolutionary relatedness of the -different species choscn. Thus, results
»of comparisbns of the tarboxy terminal portion of actin as rtepresented by the PAcl-A
gene seermn to corresp‘ond. to comparisons among entire genes. The plant actins all share
higher ﬁucleotide and amino acid homology values than when they are compared with
chicken and yeast. The SAc3 and SAcl actins share amino acid horvnologyA values as
‘high as 86.3%, whereas each gene shares 78.9% -and 75.2% amino v-acid ho;rxology with
yeast, respectively, when their carboxy portions are compared. The chickesi:yeast
carboxy com'pdrison. yielded an amino’ éci'd homology value of "85.7%, suprisingly  high
considering their evolutionary distance. “These results suggest that the actin proteins in
plants carry out sxmllar specialized functlons important for plam cells, and_ the actin
'type’ from chicken codes for a ‘protein necessary for common specialized cellular

functions necessary in both yeast and chicken.

\

D. Localized Variation

It“has been noted by others that the first 20 amino acids and the amino acids
 located between residues 259 and 298 are the two regions of gfeatest sequence varfation
among different actins (Vandekerckhove 'and Weber, 1978b; Vandekerckhove and Webcr,
1980). However, Shah et'al (1982) have redefmed this regional variation based on

comparisons of the SAc3 actin sequence to the yeast actin gene sequence. Shah et al.
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TABLE 4: Species Diversity Comparisons of the Nucleotides and Amino Acids of the
Carboxy portion of Actin Proteins

COMPARISON % " AMINO PORTION CARBOXY PORTION
|  GNT BAA GNT BAA
SAcl VS.  SAc3 22.1 15.7 2.6 13.7
- MAcl 26.4 15.2 25.7 19.9
Chicken 26.0 16.6 29.1 21.7
Yeast 31.5 2.6 32.2 24.8
SAc3 vs. MAcl 13.0 ) 22.9
Chicken 13.0 . 298
Yeast 18.5 31.7
*®
MAcl vs.  Chicken 10.7 28.4 20.5
Yeast 18.6 32.7 23.6
Chicken vs.  Yeast X W) 9.3 2717 . 143

‘ .
»

LY
The percent differences for nucleotides (%NT) and amino acids (%AA) of species
comparisons have been calculated for the amino and carboxy portion of the actin
genes. The amino actin portion differences were calculated by. subtracting total
- nucleotide differences detected of the entire gene. The amino portion is defined as
actin coding sequences not contained on PAcl-A and the carboxy portion is defined
as the region of actin coding sequence contained on PAcl-A.
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caiculated a value of 37% divergence ’(or ’63% amino apcid homology) for the region
between a;ﬁino acid residues 228 to 277 of SAc3 and the corresponding region in yeast
(227-275). In order to examine this area of variability in the pine gene the comparisons
were subdivided into variable and constant portions. The variable regions were taken as
the regién encoding amino acids 228 to 277, whereas the constant region was considered
1o be PAcl-A actin sequence‘ that excludes the above region. These ar)éas were
compared to the various species chosen for ’comparisor; in this sfhdy as shown in Table
5. .PAcl-A‘ shares the same region of variability between residues 228 and 277 when
compared to the corresponding amino acid sequences of the species in this ,re'port‘. For
example, values of only 62.0% and 80.0% amino acid homology were (T)blained for the
variable regions of pine-yeast and pine-soybean (SAc3) comparisons, respectively. These
values are considerably lower thin the amino‘ acid homology valueb calculated f ro£n the
entire 161 amino acid carboxy region (78.3% for pine-y?ast and 90.7% for pine-soybt.:an

(SAc3)‘ from Table 1). In fact, the valués_‘frbrff the variable ‘region separate the actins

, p
L

of different species even more than the E:omp_arisons‘covering the entire carboxy portions
of the actin genes. In contrast, homology values were greater for the constant regions
when compared to homology values obtained by including the variable regions (Table 1).
Similar results were obtained for entire genes when other species were é:ompared. In .
these compﬁrisons. the variable portions were Congidered to be the first 20 amino acids
in addition to the region be¢tween amino acids 228 and 277. The constant ‘r'eg\ions 'Wefe
calculated by deletiné the variable portiohs from estimates covering entire genes. The
same patterns _o&" amino acid differences were observed in homology values for both the
*constant' :ind "'\-rariable' portions of actins (Table 5) when compared to rall
homology vahies as célculated in-Table 1. Yeast actin is th.e most divergent (‘or the
least homologous) from the other species, chicken is the next most diverged, and the
plants are all the least diverged when compared among themselves. Exclusion of the
variable Iegioﬁ from the pine comparisons increases amino acid homology values in all

comparisons. Pine and yeast share 85.6% homology, pine and SAc3 95.5% and, pine and
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TABLE 5: Constant vs, Variable Regions of the Actin Gene
Constant Region . Variable Region
¥ AA.- % AA. # AA, % A.A.

Species - Comparison Changes Homology Changes Homology
PAcl-A vs. SAcl 12/111 89.2 12/50 76.0
SAc3 5/111 95.5 10/50 80.0
MAcl 13/111 88.3 12/50 ©76.0
Chicken . 147111 87.4 15/50 70.0
Yeast 16/111 © 85.6 19/50 62.0
SAcl s, SAc3 467308 85.1 12/70 82.9
" MAcl 507308 83.8 15/70 78.6
Chicken 47/308 84.7 24/70 65.7
Yeast 607308 80.5 29/70 58.6
SAC3 vs.  MAdl 37/307 - 879 15/70 78.6
Chicken 347307 88.9 22/70 68.6
Yeast 47/307 84.7 27/70 61.4

- ‘

MAcl w;s. Chicken 35/306 88.6 21770 - 70.0
Yeast : 507306 83.7 28/70 60.0
" Chicken vs. Yeast] 911 16/69 76.8

27/305

Amino acid homology of actin genes based on the amino acid composition in the
variable and constant regions are defined in the text. Comparisons of species variable
regions where pine actin is not involved also include the first 20 amino acids of
the amino terminus. In comparisons not involving pine, the constant portion was
defined as the entire actin coding sequence excluding the two variable regions.



maize 88.3%. Thus, if this region of variabilit{v is excluded in all the species
comparisons, the actin gene is even mor‘e conserved than the overall estimates in Table 1
indicate. Thus, the regiond,l variability accounts for most if not all of the lower
homology values observed in the carboxy portions of actin when compared with the
amino portions in 'fable 4.~ For éxamplc. corn and ycast share 82.0% amino acid
homology over this region when the amino acids between codons 228 and 277 werc
omitted, compared to 82 ,2% homologv observed in the amino portion. The amino acid
variability at the amino* termmal end of actin has long been a basis for classification of
actin types (i.e. cytoplaémxc vs. muscle actins) (e.g. Vandekerckhove and Weber,
1978a). 1t is possxble that the -region of vanablhty from resndues 228 to 277 in SAc3,
PAcl-A and yeast may be a second region that can be used to dlf ferentiate actin protein
functional differences between species. Altemauvel_y. this may be a region of the actin
protein that is not as important to the functional properties of either class-of the

protein.

<

E. Codon Positional Changes

| Amino acid homology values of the actin protein are consistently higher tha’n
nucleotide homology values in all comparisons. This can be explained by the
Rredominance of 'thir'd codon positional changes that are mostly silent with respect to
amino acid replacements (Table 2). This prevalence of third base substitutions has also
been observed in comparisons of other actin genes. For example, 79% of all base
changes between human and rat actins occur in the third position (Ponte er al., 1984).
In addition to third position changes in the various species comparisons (Table 1), many
nucleotide substitutions occur in the first position of codons for the amino’ acids arginine
and leucine, which have two alternate coding forms in the first position and in both the

first and second position for serine, which has two alternatives in both the first and

second position. (Thérefore, in all comparisons many of the amino acid changes that
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do occur result in changes to functionally similar amino acids). Although synonymous
amino acid changes do not affect the protein structure, they couid affect gene expression
duc to RNA sequence changes. For example, secondary structures of RNA may

influence transcriptional, processing or translational processes (Lewin, 1985).

F. Codon Useage ‘

The codon useage pattern for PAcl-A (Tabl§‘6) resembles that published for '
SAc3 (Shah er al, 1982). Both genes show a slight bias again®t codons ending in G or
 C: 39.6% of PAcl-A codons and 41.8% of SAc3 codons end in G or C. A bias for
codons specifying the amino acids leucine, cysteine, arginine and glycine exists in pine.
bOnly three of a possible six codons for both leucine and greinine are used. Leucine is
coded only by CTT, CTC, and TTG codons and arginine by AGG, AGA', and CGT
Cysteine is only coded by TGT and glycine is coded by GGT and GGA most of th;z
time (six and four times, respectivclY). while GGC is used only once and GGG not at
all. However, it should be stressed that these biases may be typical of only the carboxy
port'i‘on of the ﬁine actin and not be truly representative of the entire gene or general
codon useage in pine. SAc3 shows a bias of codon utilization for leucine, isoleucine,
sérinc. proline, threonine, alanine and arginine (Shah et al., 1982). In these cases, with
_ the exception of isoleucine, all codons of the general form XYG are not represented.
The TTA form of leuc{ne is also not present and the ATA codon (isoleucine) is
expressed only once out of a possible 28 times 'i"he two other plant actin genes, SAcl
afd MAcl, also display a bias in codon utilization of the amino acids valine, serine,
leucine and isoleucine. In these cases, codons of the general form XYA, are used less
than expected (Sha;h et al., 1983). Thus, although all four plant actin genes share a ’
 bias against certain leucine codons, the PAcl-A gene, MAcl, and SAcl genes share no
other similarities’ in their codon useage patterns. The SAc3 gene is similar to the

PAcl-A gene because both genes share a slight bias of codons with the -general form
. ] » &

-
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Total number of occurrences of each codon in the PAcl-A actin coding sequer%

TABLE 6: Codon Uscage in the Carboxy terminus of a Lodgepole Pine Actin Gene
Phe TTT k] Ser TCT 5 Tyr  TAT S5 ' Cys TGT 3
TTC 2 TCC 2 TAC 2 TGC 0
Lew TTA 0 TCA 3 Ala  GCT 5 Glu GAA 4
| TG 2 TCG 1 tee 2 GAG 10
CTT 7 AGT 5 GCA' 4 Trp  TGG 2
CtC © 2 AGC 3 GCG 1 Arg  CGT 2
CTA 0 Pro CCT 3 His CAT 1 CGC 0
CTG 0 CCC 3 CAC 0 CGA 0
lle ATT ) . CCA 1 Gin CAA 2 CGG 0
ATC 6 - CCG 0 CAG 4 AGA 3
ATA 1 Thr ACT 2 Asn  AAT 2 . AGG 1
Met  ATG 7 ACC 3 AAC 1 Lys AAA 5
-Val  GTT 5 ACA 3 Gly GGT 6 AAG 6
“GTC 1 ACG 1 GGC 1 Stop TAA 1
. GTA 2 Asp GAT 5 GGA 4 TAG 0
GTG 1 GAC 1 GGG 0 TGA 0

\
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XYG. On the other hand, the SAc3.‘ SAcl, and MAc] genes -*mre codon utilization
biases; those for leucine, isoleucine, and serine. Therefore, the SAc3 gene appears to
bridge the gap observed between PAcl-A and SAc3 ang) MAcl when codon useage

patterns arc analyzed.

G. Intron

Previous cornparisons between MAcl and two soybean actins (SAcl and SAc3)
have shown that all three plant actins share ldenucal intron positions (Shah et al., |
1983). This is in contrast to the lack of intron position conservauon betwee and
within animal species (Fyrberg et al., 1981). It has been suggested by Shah et al.
(1983) that positional intron conser(vation in the maize and soybean actins’ may indicaté
that plant actin genes have evolved from a common ancestral actin gent; contammg m =

minimum of three introns. Based on thls hypothesis, it was suggested that posmoﬂs 9F“~

introns between dxvergent plant species may also be conserved . The PAcl A lntromaf
,3 h) N 3 :

codon position 353 corresponds to the tnird position introns found in both sbyhga
maize and supports this mtron position conservation ' view. Unfortungtely. the other wo ;
#introns found 4n both maize and soybean occur at posmons that are™ o&r ,'*'f 3 ‘»
cloned PAcl-A fragrnent

The nucleotides found at the exon/intron junctions in PA»cl'-A follo
gL
&lwii‘hm»

consensus "splice site junctions (Breathnach et a1 1978). The intron dono

animal and all of the plant actin genes reported. The endpoints of the :.

N . . “ P
the donor and acceptor nucleotides,.for pine are: y
...Exon...AG/GT...Intron...CAG/AT...Exon. - : % :

Partial homologies within J.he third intron among the four dxffegn

';:. regions of the intron. .Figure 11 shows a possible alignment achieving
. T . ' .
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0N6.1‘/}b', 70.0% and, 72.7% when the PAcl intron sequence ‘was ‘compa‘red with thé

third iritrons of MAcl, SAc) and; SAéB:. respectively. “These data would éppéar ‘té
suppf)rl' the hypothesis &l}gt the plant actin genes evolved from a éommon ancestral gene.

In. a‘ddi'lion*. the fet_emién of pariial intron ,‘homblogies could reflect that the introns of

@ [N - X .
these plant species are’ processed by similar mechanisms. o "

"
1 *



IV. CONCLUSION

The nucleotide and amino acid sequerice of the'carboxx terminal porti ¥ lodgepole

pine actin. gene, PAcl.a, has been presented and compared to published actin sequences
. of maize (MAcl), soybean (SAc3 and SAcl), chicken and ye:;.st. T‘hi~57:§0 nucleotide
‘portion contains coding sequences for atnino acids 216 to 376, as dcl‘inecl by the SAc3
sequence, and is interrupted by anintron 130 nncleotides in length. _

The actin gene was‘defined by its carboxy pqrtion and amino ‘portion' wherc these

two regions were defmed by sequences contained on the PAcl-A fragment and not so

% 4 i

contained, respecuvely. Nucleoude and amino acid sequences of entire actin coding

sequences of maize, soybean, chicken, and yeast were compared against portions of the -

{
/

carboxy-terminal portions of the actin genes represented by the PAcl-A fragment. With
the, exception of the SAcl SAc3 companson the carboxy pomon of the vanous actin
genes d:splayed consistently less homology among other organisms than did its amino

portion. This disparity was explained by the existence of a highly vanable region

N

1ocated between codons 228 and 277, r‘egardless of the two different ac‘tin sequences

compared When this regxon was’ dlstegarded ltttle or no dnscrepancy in percentage

l

amlno acx@,,homology exxsted between the amino and carboxy portions ol" any two genes.
/

DCSPIIC the overall increase. in homdlogy when the variable regions were dxsregarded the

overall trends of percent ammo acxgﬁ homology between different actin genes were

b -

1dent1cal to the companson of the whore genes regardless Qf whether this variable reglon
was included or not in the téspectxve ccmpansons Compansons among the variable
regions of the different-organisrns resulted in greater observed dlf-ferences-between any
_two actin genes with the exception of the WO soybean clones, SAcl SAc3. Thus, it was

K concluded that compansons of actm gene portxons were Tepresentative -of compansons

. o

between entire genes. oL LS " ?‘g_ R

In general ammo acxd homology was cons:stently hlgh m all coqrpansons desplte

large evoluuonary dlstances This conservatnon of the actm gege hk&ly reﬂects the -

\-

. importance of the protein in carrymg out - basic _cellular fkuncuons. The niticleotide

L8
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o 'tP
homology values are lower than the amino acrd homology, which reflects that ‘most

nucleottde substttuttons resulted in sxlent amtno acrd changes Morever. a high
percentage of s:mllar‘ amino acid changes that did occur( resulted in relatively innocuous
differences ‘between different proteins. However, trends were obserVed within the

different species comparisons to separate the actins into distinct classes possibly based

4 (Al

on -slightly different functional differences among protems: When the plant actins were
| _compared with each 'other. higher nucleotide and arnino acid values were observed than
when'any plant actin was compared to either yeast or chicken. In addition, yeast
homology ‘valu‘es were much lower +in comparisons to plants than in the com}mrison to
chickent It is possible that at '1east two classes of actins have been compared.t That is,
the nlant actins }may‘all belong to one ‘.class, whieh requires the actin protein to carry
out highly specialized functions in plant cells, 'while the yeast and chicken actins used
for comparison in this: thesrg appear to_'belong to a .second class, where the functton of
. the actm protem may be sxmtlar It is also possrhle that subclasses exist thhm these
| classes. PAcl A and SAC3 acttns appear to share the highest protem homology. whlch
may be related to similar specialized protetn functiong that the two parttcular actins
must perform In fact, the - constagt regtons of the SAc3 acmppear to be more
closely related to the constan®'§ regtons of the other specres acttns than SAel g
‘. L3 The intron found in PAcl ‘A occurs at the same posmon as the third 1ntron
found in SAc3, SAcl and MAcl. The first and second introns occur after amino acids
(19 and 150, respecttvely, which are not contained on ‘the’ PAcl A fragment The
positional mtron conservation displayed between the above mentioned species is an
tlnusual feature when consxdenng the lack of positional intron conservatron dtsplayed
between other actin genes within and between dtfferent specres Shah et a! (1983)

suggested th t thlS feature may . reflect the evolutton of plant genes from a comm0n

'ancestral ac gene containing a mtmmum of three introns. The possrbrhty also exists

e

that strong selectrve pressure may have existed such that only 1nt1‘ons in some locauons ;

. J

: were tolerated in the plant actm genes



- "hybridization of PAcl-A’ to Northern blots f:omaining polyadenylated mRNA.

60

.

Although resoluuon of mdlvxdual bands in the Soulhern data prcscnled is low, a
minimum of eight and nine bands can be observcd in° EcoRl and Hmdlll d:gcslcd pine
genomic DNA hybridized with PAcl. Thus it seems likely 'hal the pine mulngenc .
famlly consists of a minimum of eight acun genes. e
There are two logical followups of this project. Firstly, isolation of the entire

lodgepole pine actin gene, either from a cDNA or genomic DNA library, would yield

more information about possmle funcuons or evolutionary similarities and dil Icrenccs

<

5 ‘between pine and other specxes actin protems Isolation’ of . the entire PAcl-A aclin
LY 2 '

~ from the pme actin muitigene family wouid be facilitated 'by the use of a specific probe

derived from PAcl-A. Specxflcally the intron sequence or 3 ﬂankmg sequences could

L 20
be used to probe a library, smce little conservauon of these actin sequences has been

" d&ected either within or betweerx dlfferem species. * The second sludy would investigate

the expression and control of expression of the entire cloned pine actin gené.

Determination of 'whet'her the pine actin gene is ‘transcribed could be achieved by -

A ]

This study has shown that. available molecular technology can be applied towards - -

. : ; ! P T .
the isolation and characterization of genes of lodgepole pine. Although isolation of the

. pine actin carboxy-terminus represents basic research, it is coaceivable that the

' tecimiques -and modifications developed in this th'esié 'cOuld ‘have more ap’plied

1mphcauons in the long term. For example traits such as insect and dxsease res:stance

or tralts affectmg growth components of trees may possxbly be transf erred within or

)

among species. ‘ L ) RS
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